Introduction
============

Idiopathic thrombocytopenic purpura (ITP) is a hemorrhagic disease, induced by the dysfunction of the immune system, which causes maturation disorder or thrombocytopenia. ITP is sometimes accompanied by an increase of bone marrow megakaryocytes and its incidence is relatively high in children ([@b1-etm-0-0-7196]). Clinical manifestations of ITP are chills, fever, and even sudden spontaneous mucosal bleeding in the skin ([@b2-etm-0-0-7196]). Non-specific treatment with large doses of γ-globulin, glucocorticoids, and splenectomy is effective in 70% of patients with ITP, while the efficacy in the remaining 30% of patients is low ([@b3-etm-0-0-7196]). Refractory ITP predominantly occurs in women, and high-dose hormonal drugs, such as immunosuppressant and γ-globulin, are frequently used. Immunosuppressive agents have a low rate of remission and may be associated with myelosuppression and secondary tumors. Remission rate of γ-globulin is high, as well as the cost, and the duration of curative effect is short ([@b4-etm-0-0-7196]).

In recent years, attention has been paid to the treatment of refractory ITP, and some new immunotherapy methods have been introduced ([@b5-etm-0-0-7196]). At present, cyclophosphamide and rituximab are frequently used in the treatment of patients with refractory ITP. Although the efficacy of cyclophosphamide in the treatment of refractory ITP patients is satisfactory, the incidence of adverse reactions, such as gastrointestinal reactions, bone marrow suppression, hair loss or even myocardial damage, is high ([@b6-etm-0-0-7196]). Rituximab can cause disorders, such as arrhythmias or hypotension ([@b7-etm-0-0-7196]). Martinez *et al* ([@b8-etm-0-0-7196]) have stated that the efficacy of rituximab in combination with cyclophosphamide in the treatment of patients with refractory ITP is superior to traditional single-agent therapy. However, studies on the efficacy and clinical significance of rituximab in combination with cyclophosphamide in the treatment of refractory ITP patients are relatively rare. In this study, clinical data of patients with refractory ITP were retrospectively analyzed to compare the treatment efficacies of the single and combined therapy. This study provides reference for the treatment of refractory ITP.

Patients and methods
====================

### Patient information

Clinical data of 249 patients with refractory ITP admitted to Qingdao Hiser Medical Group (Qingdao, China) from March 2013 to March 2017 were retrospectively analyzed. Among them, 79 patients were treated with rituximab, including 26 males and 53 females, aged 18--72 years, with a mean age of 31.54±4.78 years; 86 patients were treated with cyclophosphamide, including 30 males and 56 females, aged 21--73 years, with a mean age of 33.17±3.64 years; and 84 patients were treated with both (combined therapy), including 35 males and 49 females, aged 18--72 years, with a mean age of 32.92±5.24 years. No significant differences in the basic information were found among the three groups of patients ([Table I](#tI-etm-0-0-7196){ref-type="table"}).

### Exclusion and inclusion criteria

Inclusion criteria: patients who met the refractory ITP diagnostic criteria ([@b9-etm-0-0-7196]); patients \>18 years of age; patients who did not receive any relevant medical treatment in other hospitals. Exclusion criteria: patients who did not cooperate with the examination; patients with other secondary thrombocytopenia; patients with allergic reaction to the drugs used in the present study; patients during pregnancy and lactation; patients with acute gastrointestinal bleeding or other serious diseases; patients with communication and cognitive disorders. All participants or their family members signed an informed consent and cooperated with the medical staff to complete the relevant medical treatment. The study was approved by the Ethics Committee of Qingdao Hiser Medical Group.

### Methods

In rituximab group, 100 mg of rituximab (state approval no. J20170034; Roche Pharmaceutical Co., Ltd., Shanghai, China) were dissolved in 100 ml of saline and infusion was performed once a week at a rate of 50 ml/h for 4 weeks. Intravenous injection of 40 mg of methylprednisolone (Pfizer Manufacturing Belgium NV, Puurs, Belgium) was performed to prevent related adverse reactions. In cyclophosphamide group, intravenous injection of cyclophosphamide (state approval no. H20093795; Yangtze River Pharmaceutical Group; Jiangsu HaiCi Biological Pharmaceutical Co., Ltd., Jiangsu, China) at a dose of 0.8 g was performed every week, and oral intake of cyclophosphamide at a dose of 2 mg/(kg·day) was performed every day, for a time period of 3 months. Both rituximab and cyclophosphamide were used in the combined treatment group using the same methods. Treatment was applied for 2 months. The curative effects of the three groups of patients were observed. Lymphocyte CD20 was detected by ELISA using the Human CD20 ELISA kit obtained from Jining Industrial Co., Ltd. (Shanghai, China). Platelet antibody IgG was detected using human anti-platelet antibody IgG kit purchased from Beyotime Institute of Biotechnology (Shanghai, China). Changes in platelet counts were monitored using Beckman Coulter DxH2400 hematology analyzer (Beckman Coulter, Inc., Brea, CA, USA). Occurrence of adverse reactions, such as dizziness or headache, nausea and vomiting, abnormal liver and kidney function, and lung infection, after treatment were recorded.

### Curative effects

Curative effects were evaluated according to relevant standards ([@b10-etm-0-0-7196]). Completely effective: if platelet count increases significantly to \>100×10^9^/liter, no bleeding occurs, and efficacy lasts \>2 months. Partially effective: if platelet count increases significantly to 50--100×10^9^/liter, no bleeding basically occurs, and efficacy lasts \>2 months. Minimal effective: when platelet count level fluctuates within 20--49×10^9^/liter, bleeding symptoms are improved and duration is \>2 months. Ineffective: if platelet count is \<20×10^9^/liter, no improvement or even worsening bleeding is observed. Total efficiency: completely effective + partially effective.

### Statistical analysis

SPSS 19.1 software \[AsiaAnalytics, Corp. (formerly SPSS China), Shanghai, China\] was used for data processing. Measurement data, such as lymphocyte CD20, PA IgG, and platelet counts before and after treatment, were all expressed as mean ± standard deviation. One-way analysis of variance was used to compare continuous data among multiple group,s with Dunnett\'s test used as post hoc test, and t-test was used for the comparison between two groups. Count data, such as patient basic data, efficacy evaluation, and incidence of adverse reactions were all expressed as rates, and comparisons between groups were analyzed using Chi-square test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Changes of CD20 expression in lymphocytes of three groups of refractory ITP patients before and after treatment

There was no significant difference in the CD20 expression among the three groups of patients before treatment (P\>0.05). After treatment, the CD20 expression levels were lower than those before treatment (P\<0.05). Also, after treatment, CD20 expression level in combined therapy group was lower than that in rituximab and cyclophosphamide groups (P\<0.05), and CD20 expression level in rituximab group was lower than that in cyclophosphamide group (P\<0.05) ([Table II](#tII-etm-0-0-7196){ref-type="table"}).

### Changes of PA IgG before and after treatment in three groups of refractory ITP patients

Before treatment, there was no significant difference in PA IgG among the three groups of refractory ITP patients (P\>0.05). After treatment, there was a statistically significant difference in PA IgG among the three groups (P\<0.05). PA IgG level was lower in combined therapy group than in rituximab and cyclophosphamide groups (P\<0.05), and PA IgG level in rituximab group was lower than that in cyclophosphamide group (P\<0.05) ([Table III](#tIII-etm-0-0-7196){ref-type="table"}).

### Changes of platelet count before and after treatment in three groups of refractory ITP patients

There was no significant difference in platelet counts among the three groups of refractory ITP patients before treatment (P\>0.05). After treatment, the platelet counts of the three groups were higher than those before treatment (P\<0.05). Platelet counts were higher in combined therapy group than in rituximab and cyclophosphamide groups (P\<0.05), and platelet counts were also higher in rituximab group than that in cyclophosphamide group (P\<0.05) ([Table IV](#tIV-etm-0-0-7196){ref-type="table"}).

### Comparison of curative effects after treatment in three groups of patients

After treatment, the total effective rate in combined therapy group was higher than that in rituximab and cyclophosphamide groups (P\<0.05). Total effective rate in the rituximab group was higher than that in cyclophosphamide group (P\<0.05) ([Table V](#tV-etm-0-0-7196){ref-type="table"}).

### Comparison of the incidence of adverse reactions after treatment in the three groups of patients

After treatment, the incidence of adverse reactions in the three groups was significantly different from each other (P\<0.05). Symptoms such as dizziness or headache, nausea, and vomiting were mostly self-relieving. In the rituximab group, 1 case of liver function abnormality, 1 case of renal function, and 1 case of lung infection occurred. In cyclophosphamide group, there were 2 cases of abnormal liver function, 3 cases of renal function, and 3 cases of pulmonary infection. In combined therapy group, there was 1 case of renal function, which was relieved after targeted treatment. No acute and late toxic reactions were observed ([Table VI](#tVI-etm-0-0-7196){ref-type="table"}).

Discussion
==========

ITP is a liquid immune-mediated systemic immune disease. In patients with ITP, platelet autoantibodies bind to platelet membrane glycoproteins and are phagocytosed by macrophages via Fc receptors ([@b11-etm-0-0-7196]). Treatment of ITP is aimed at reducing platelet destruction and controlling bleeding, while overtreatment should be avoided ([@b12-etm-0-0-7196]). The most common drug for the treatment of ITP is glucocorticoids, but some patients with ITP are insensitive or intolerant to glucocorticoids, which causes ITP patients to become refractory after glucocorticoid treatment ([@b13-etm-0-0-7196]). With the advancement of modern medicine, refractory ITP can be alleviated, but it is still difficult to achieve full rehabilitation, the incidence is high and the treatment cycle is long ([@b14-etm-0-0-7196],[@b15-etm-0-0-7196]). Therefore, the use of proper drugs for timely treatment is the key to control the deterioration of the disease ([@b16-etm-0-0-7196]).

Rituximab is a CD20 monoclonal antibody that binds to Fc receptors on abnormal B cells to initiate complement-mediated killing of cytotoxic antibodies. The killing effect leads to the solubilization of CD20 on B lymphocytes, inhibited production of antibodies by B lymphocytes, and reduced destruction of platelets. Rituximab has been widely used in the treatment of autoimmune hematological diseases ([@b17-etm-0-0-7196]). Cyclophosphamide can not only block the proliferation of B cells, but also inhibits the production of antibodies, which can be used to assist immunoadsorption therapy ([@b18-etm-0-0-7196]). Gödel *et al* ([@b19-etm-0-0-7196]) have shown that cyclophosphamide can treat autoimmune diseases by limiting the non-specific killing of small lymphocytes, inhibiting cell proliferation, and limiting the transformation of viral cells into immune mother cells. It is worth noting that cyclophosphamide interferes with the production of DNA and RNA and even cross-links with DNA, which in turn inhibits the immune response and proliferation and division of immune lymphocytes and impedes the deposition of immune complexes. Cyclophosphamide has been widely used in the treatment of lymphatic systemic and autoimmune diseases ([@b20-etm-0-0-7196]).

This study investigated the efficacy and clinical significance of rituximab in combination with cyclophosphamide for the treatment of refractory ITP patients. There was no significant difference in the expression levels of CD20 and PA IgG, and the platelet counts among the three groups of patients with refractory ITP before treatment (P\>0.05). After treatment, the expression levels of CD20 and PA IgG in lymphocytes of three groups were lower than those before treatment, and the platelet counts were higher (P\<0.05). After treatment, CD20 and PA IgG levels in combined therapy group were lower than those in rituximab and cyclophosphamide groups (P\<0.05), while platelet count was higher (P\<0.05). Also, after rituximab treatment, the expression levels of CD20 and PA IgG in lymphocytes were lower than those in cyclophosphamide group (P\<0.05), while platelet count was higher (P\<0.05). After treatment, total effective rate in combined therapy group was higher than that in rituximab and cyclophosphamide groups (P\<0.05). Total effective rate of rituximab group was significantly higher than that of cyclophosphamide group (P\<0.05). The data showed that the combined use of rituximab and cyclophosphamide intermittently results in the decrease of CD20 and PA IgG and increase of platelet count in some patients, which restores the abnormal immune function and significantly improves the quality of life. It has been reported ([@b21-etm-0-0-7196]) that rituximab is a human-mouse chimeric antibody that reduces the production of autoantibodies and the combination with cyclophosphamide can increase the immunosuppressive effect. In the present study, it was found that the incidence of adverse reactions in combined therapy group is 14.29% (12/84), which is significantly higher than that in cyclophosphamide group (40.70%, 35/86, P\<0.05) and rituximab group (29.11%, 23/79, P\<0.05). Symptoms such as dizziness or headache, nausea, and vomiting were mostly self-relieving. In the rituximab group, 1 case of liver function abnormality, 1 case of renal function, and 1 case of lung infection occurred. In cyclophosphamide group, there were 2 cases of abnormal liver function, 3 cases of renal function, and 3 cases of pulmonary infection. In combined therapy group, there was 1 case of renal function, which was relieved after targeted treatment. Al Askar *et al* ([@b22-etm-0-0-7196]) have shown that cyclophosphamide is toxic and combined treatment can reduce the dosage of cyclophosphamide, which in turn reduces the adverse reactions of cyclophosphamide and the damage to the body, and increase patients compliance.

This study is limited by the small sample size. Future studies are required to confirm our conclusions.

In conclusion, application of rituximab combined with cyclophosphamide in the treatment of refractory ITP can improve patients clinical symptoms. The efficacy of this technique is promising with no serious adverse reactions. This technique should be popularized in clinical practice.
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###### 

Basic information of 249 patients with refractory ITP \[n (%)\].

  Features                        Rituximab group (n=79)   Cyclophosphamide group (n=86)   Combined therapy group (n=84)   χ^2^ test   P-value
  ------------------------------- ------------------------ ------------------------------- ------------------------------- ----------- ---------
  Sex                                                                                                                      1.502       0.472
    Male                          26 (32.91)               30 (34.88)                      35 (41.67)                                  
    Female                        53 (67.09)               56 (65.12)                      49 (58.33)                                  
  Age (years)                                                                                                              0.052       0.974
    \<30                          42 (53.16)               47 (54.65)                      46 (54.76)                                  
    ≥30                           37 (46.84)               39 (45.35)                      38 (45.24)                                  
  Hematuria                                                                                                                0.905       0.636
    Yes                           23 (29.11)               31 (36.05)                      28 (33.33)                                  
    No                            56 (70.89)               55 (63.95)                      56 (66.67)                                  
  Hematemesis or hemoptysis                                                                                                            
    Yes                           31 (39.24)               34 (39.53)                      35 (41.67)                      0.121       0.941
    No                            48 (60.76)               52 (60.47)                      49 (58.33)                                  
  Epistaxis                                                                                                                0.320       0.852
    Yes                           46 (58.23)               50 (58.14)                      52 (61.90)                                  
    No                            33 (41.77)               36 (41.86)                      32 (38.10)                                  
  Platelet count (×10^9^/liter)                                                                                            3.307       0.508
    20--50                        24 (30.38)               25 (29.07)                      30 (35.71)                                  
    \>50                          43 (54.43)               40 (46.51)                      39 (46.43)                                  
    \<20                          12 (15.19)               21 (24.42)                      15 (17.86)                                  

ITP, idiopathic thrombocytopenic purpura.

###### 

Lymphocyte CD20 before and after treatment in three groups of patients (%).

  Groups                          Before treatment   After treatment                                                                                       t-test   P-value
  ------------------------------- ------------------ ----------------------------------------------------------------------------------------------------- -------- ---------
  Rituximab group (n=79)          28.6±3.5           17.4±3.3                                                                                              20.69    \<0.001
  Cyclophosphamide group (n=86)   27.8±3.9           22.3±2.8^[a](#tfn2-etm-0-0-7196){ref-type="table-fn"}^                                                10.62    \<0.001
  Combined therapy group (n=84)   28.1±3.7           11.7±2.3^[a](#tfn2-etm-0-0-7196){ref-type="table-fn"},[b](#tfn3-etm-0-0-7196){ref-type="table-fn"}^   34.5     \<0.001
  F-value                         0.954              50.71                                                                                                          
  P-value                         0.387              \<0.001                                                                                                        

P\<0.05, compared with rituximab group

P\<0.05, compared with cyclophosphamide group.

###### 

Changes of PA IgG before and after treatment in three groups of refractory patients (%).

  Groups                          Before treatment   After treatment                                                                                   χ^2^ test   P-value
  ------------------------------- ------------------ ------------------------------------------------------------------------------------------------- ----------- ---------
  Rituximab group (n=79)          83±12              46±12                                                                                             19.38       \<0.001
  Cyclophosphamide group (n=86)   84±12              50±13^[a](#tfn4-etm-0-0-7196){ref-type="table-fn"}^                                               17.82       \<0.001
  Combined therapy group (n=84)   83±14              33±9^[a](#tfn4-etm-0-0-7196){ref-type="table-fn"},[b](#tfn5-etm-0-0-7196){ref-type="table-fn"}^   27.52       \<0.001
  F-value                         0.174              50.71                                                                                                         
  P-value                         0.840              \<0.001                                                                                                       

P\<0.05, compared with rituximab group

P\<0.05, compared with cyclophosphamide group.

###### 

Platelet counts before and after treatment in three groups of patients (×10^9^/liter).

  Groups                          Before treatment   After treatment                                                                                       t-test   P-value
  ------------------------------- ------------------ ----------------------------------------------------------------------------------------------------- -------- ---------
  Rituximab group (n=79)          12.3±1.7           75.3±8.4                                                                                              65.34    \<0.001
  Cyclophosphamide group (n=86)   12.6±1.3           62.3±7.0^[a](#tfn6-etm-0-0-7196){ref-type="table-fn"}^                                                64.74    \<0.001
  Combined therapy group (n=84)   12.5±1.4           92.3±9.8^[a](#tfn6-etm-0-0-7196){ref-type="table-fn"},[b](#tfn7-etm-0-0-7196){ref-type="table-fn"}^   73.88    \<0.001
  F-value                         0.882              267.9                                                                                                          
  P-value                         0.415              \<0.001                                                                                                        

P\<0.05, compared with rituximab group

P\<0.05, compared with cyclophosphamide group.

###### 

Comparison of curative effects after treatment in three groups of patients \[n (%)\].

  Groups                          Completely effective                                                                                    Partially effective                                        Minimal effective                                        Ineffective                                              Total effective rate
  ------------------------------- ------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------- -------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  Rituximab group (n=79)          33 (41.77)                                                                                              25 (31.65)                                                 14 (17.72)                                               7 (8.86)                                                 58 (73.42)
  Cyclophosphamide group (n=86)   13 (15.12)^[a](#tfn8-etm-0-0-7196){ref-type="table-fn"}^                                                36 (41.86)                                                 23 (26.74)                                               14 (16.28)                                               49 (56.98)^[a](#tfn8-etm-0-0-7196){ref-type="table-fn"}^
  Combined therapy group (n=84)   58 (69.05)^[a](#tfn8-etm-0-0-7196){ref-type="table-fn"},[b](#tfn9-etm-0-0-7196){ref-type="table-fn"}^   17 (20.24)^[b](#tfn9-etm-0-0-7196){ref-type="table-fn"}^   7 (8.33)^[b](#tfn9-etm-0-0-7196){ref-type="table-fn"}^   2 (2.38)^[b](#tfn9-etm-0-0-7196){ref-type="table-fn"}^   75 (89.29)^[a](#tfn8-etm-0-0-7196){ref-type="table-fn"},[b](#tfn9-etm-0-0-7196){ref-type="table-fn"}^
  F-value                         50.820                                                                                                  9.241                                                      9.901                                                    9.810                                                    0.226
  P-value                         \<0.001                                                                                                 0.010                                                      0.007                                                    0.007                                                    \<0.001

P\<0.05, compared with rituximab group

P\<0.05, compared with cyclophosphamide group.

###### 

Comparison of the incidence of adverse reactions after treatment in the three groups of patients \[n (%)\].

  Adverse reactions                Rituximab group (n=79)   Cyclophosphamide group (n=86)   Combined therapy group (n=84)   χ^2^ test   P-value
  -------------------------------- ------------------------ ------------------------------- ------------------------------- ----------- ---------
  Dizziness or headache            8 (10.13)                12 (13.95)                      5 (5.95)                        3.013       0.222
  Vomit                            12 (15.19)               15 (17.44)                      6 (7.14)                        4.298       0.117
  Liver and kidney dysfunction     2 (2.53)                 5 (5.81)                        1 (1.19)                        3.094       0.213
  Lung infection                   1 (1.27)                 3 (3.49)                        0 (0.00)                        3.356       0.187
  Incidence of adverse reactions   23 (29.11)               35 (40.70)                      12 (14.29)                      14.730      \<0.001
